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My background

o« 22 yearsin LabVIEWR&D

 SpaceX LabVIEW programmer for
Falcon/Dragon Ground Software
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A Potato NOA@edePdestal...

What's holding it
up inthe air? Isita
magic potato?
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A Really Big Analogy

&
We can ¥ representthis... ... something like this.

0010101011110110101
0001110101011101001
1101011110111000010
1010001000101111010
1011010001111110100
01010010110010011...
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A Really Big Analogy

So between one atomic clock pulse and the next...
...011101010111010... ...011101000111010...

e >
CES

... Imagine a giant computer churning through “F=ma’
and “V=IR" and “E=mc?” for everything to compute
the next state of the universe and then rendering it
on the very large display we call “reality”.
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Theoretical Universe Computer

We can use software to model the universe.
Can we use the universe to model software?

Two volunteers please.
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Share This Candy Bar

Two more volunteers please.
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Now, Again, Without Breaking It First
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Romantic? Or Just Cause For Sore Noses?

sSpPACEX



Options

* Break In Half * Time Sharing
 Simultaneous Access * Morphological Integration

At some level, we are
always either breaking
down the data or copying it.

Another pair of volunteers please.
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Reading Together
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» Heads Close Together

* One Person Reads Aloud m“\’N trgrp?;v; ’?X/VVT]);t
« One Waits For The Other To Finish| if the other person
. Project On Screen is still reading it?
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Easier If Everyone Gets Their Own Copy

| can read my copy
while you read yours!

Easier to eat, too!
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All Data Sharing Is lllusion

V 4
\ Y 4
\\ Not the same photons! ,’

\ 4

MILK CHOCOLATE (SUGAR, COCOA BUTTER, CHOCOLATE, SKIM MILK, LACTOSE, MILKFAT, SOY LECITHIN, ARfIFIclAL
FLAVOR), PEANUTS, CORN SYRUP, SUGAR, MILKFAT, SKIM MILK, PARTIALLY HYDROGENATED SOYBEAN OIL, LACTOSE,
SALT, EGG WHITES, CHOCOLATE, ARTIFICIAL FLAVOR. @©p

ALLERGY INFORMATION: MAY CONTAIN ALMONDS. o <

; Distributed by MARS'

We value your questions or comments. MARS (*

Call 1-800-551-0702 or visit us at www.snickers.com * Rea =
snackfood us, lic cﬁ

,’W/&'IHS L Hacketistown, NJ 07840-1503 USA N A™ ~
BRAND ®/TM trademarks ©Mars, Incorporated TB1795X1 _




Dataflow Defined

* A model of parallel computing that represents
programs as dependence graphs where each
operation waits until its input values are available.

» Many models: synchronous, asynchronous,
deterministic, and more.

sSpPACEX



Dataflow: a guide for the machine

* \Who needs the data?
* How soon?
» How much sharing is possible?

Dataflow declares what the application needs not
how those needs should be met. The compiler
computes the optimal sharing.
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Two Readers

Search 1D Array

I3z
Gz index of element
“ LT T T TR T
N [
b

Search 1D Array

I3z
index of element 2
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One Reader, One Writer

Search 1D Array

............ oo [

Array : -t -
i [123 index of element
i

= Modified Array

Delete From Array AEs
R ———— @I@W
oo =

2 0f5
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Two Writers

Modified Array 2

Delete From Array
[i][12=
Array P— BB 'E
HI[E=E 1 o El
E S oOooooono ]
e Modified Array

Delete From Array A
: I ————— @IEW
= a o
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Two Writers, Loops

Array N l Inc Array
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Two Writers, Loops Fused
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(This is morphological integration.)
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Dataflow Works...

... because the compiler prevents you...

a) from bumping noses as you simultaneously eat
both ends of the chocolate and

b) from pulling the candy out of someone’s mouth
while they are still chewing and

c) from buying more candy bars than you need.
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The Never-Ending Quest
To Share Data Between Processes

« TCPand UDP  Local Variables

« Network Streams « Programmatic Front Panel Interface
« Shared Variables x 3 « Target-scoped FIFOs

« DMAs  Notifier

« Web Services «  Simple TCP/IP Messaging (STM)
 Peer-to-Peer Streaming « AMC

*  Queues « HTTP

»  Dynamic Events « FTP

* Uninitialized Shift Registers * Global Variables

« RTFIFOs  Channel Wires

« Datasocket ... and more
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Definition: “Dataflow Safe”

All data is usable by one and only one process at a
time, with clear hand off from one process to the next.

v All by-value types x Global Vls

v'Channel wires % One-Element Queue Tricks
v Directed queues x Functional Globals
v"Action Engines x Shared Variables

v"User Events & Notifiers % Forked references®
v’ Unforked references®
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Working Within Dataflow

1. Run wires when possible

A A A A A A A A A A A A A NN NS,
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Working Within Dataflow

1. Run wires when possible.
2. Execute Vls; pass data.

Waveform

10 Y|3 0 Where is the Run button
& 00:00:00 PM on a control?

T MM/ DD/ YY

dt LabVIEW Object

5 1.000000 D
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Working Within Dataflow

1. Run wires when possible.
2. Execute Vls; pass data.

Actor Actor's Enqueuer

e . Launch Root Actor.vi

% ” Initialize Actor.vi )n—.&
%’E - - - - - - - - |""""'|

OET 'I:I' !E OET
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Working Within Dataflow

1. Run wires when possible.
2. Execute Vls; pass data.
3. Announce instead of request. [Teime x someday

Busy working on stuff,

doing whatever... X iis ready.
Tell me X. It may be a Oh. That means | can
Nl wait... while... VS. do Y now.
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Demonstration before point #4...
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Working Within Dataflow

1. Run wires when possible.
2. Execute Vls; pass data.

3. Announce instead of request.
4. Embed stop signals in communication channel.

3.14 12.5 2.6 3.4
= [ore — 40 e Im— 4 '—That's.é
to Come... to come... to come... all!

The Codeless Code, Case 48
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http://thecodelesscode.com/case/48

My team is hiring

* https://spacex.com/|obs
» “Ground Software Engineer (Falcon & Dragon)’
+ “Sr. Ground Software Engineer (Dragon & Falcon)”
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https://spacex.com/jobs

Summary: Wires Are Good!

Any questions?

END OF PRESENTATION

(stop signal embedded in communications channel)
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In the mobile app, click
into the session you
would like to provide

feedback for

ni.com

Give us your feedback!

Quick 2 Question

11:16 AM

11:15 AM

11:156 AM

11:15 AM

11:15 AM

Tue May 23

Y Q

MAY MAY

22 24
Multichannel RF Data Recording
and Analysis

@ Meeting Room 19A

& Aerospace & Defense «
Technical Session

Optimizing Validation Processes:
Building Complex Test Systems
with Distributed I/O

@ Meeting Room 19B

& Aerospace & Defense -
Technical Session

Panel: Continuous Integration (Cl/
CD)—Don't Leave Home without It

@ Meeting Room 12A

€ Programming Essentials -
Technical Session

Using Python and TestStand to
Boost Your Test Development

9 Ballroom G

@ Product & Technology -
Technical Session

What Does Left Shifting Test
Mean in the NI Ecosystem?

@ Meeting Room 18A
€ Zianspadatonadachnical Session

Survey

< Tue May 23

Optimizing Validation Processes: Building
Complex Test Systems with Distributed 1/O

Click “Take the Session
Survey”

? Map Meeting Room 19B

Aei « Technice

Take Session Survey

In this session, learn to improve efficiency
and reduce non-recurring engineering costs
in validation labs by connecting multiple
distributed line-replaceable unit (LRU) test
systems. Also learn how to abstract LRUs
and construct complex test systems faster
and more efficiently using existing
distributed I/O and edge computation
technology.
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